Abstract The objective of this study was to report on secondary analyses of a merged trial dataset aimed at exploring the potential importance of patient factors associated with clinically relevant improvements in non-acute, non-specific low back pain (LBP). From 273 predominantly male army workers (mean age 39 ± 10.5 years, range 20-56 years, 4 women) with LBP who were recruited in three randomized clinical trials, baseline individual patient factors, pain-related factors, work-related psychosocial factors, and psychological factors were evaluated as potential prognostic variables in a short-term (post-treatment) and a long-term logistic regression model (6 months after treatment). We found one dominant prognostic factor for improvement directly after treatment as well as 6 months later: baseline functional disability, expressed in Roland-Morris Disability Questionnaire scores. Baseline fear of movement, expressed in Tampa Scale for Kinesiophobia scores, had also significant prognostic value for long-term improvement. Less strongly associated with the outcome, but also included in our final models, were supervisor social support and duration of complaints (shortterm model), and co-worker social support and pain radiation (long-term model). Information about initial levels of functional disability and fear-avoidance behaviour can be of value in the treatment of patient populations with characteristics comparable to the current army study population (e.g., predominantly male, physically active, working, moderate but chronic back problems). Individuals at risk for poor long-term LBP recovery, i.e., individuals with high initial level of disability and prominent fearavoidance behaviour, can be distinguished that may need additional cognitive-behavioural treatment.
Introduction
Low back pain (LBP) is seen as a largely self-limiting health problem, with rapid improvement usually occurring within several weeks [43] . However, once the pain is showing itself as a recurrent and chronic phenomenon, it is mostly associated with long-term disability and, consequently, a significant socioeconomic burden: some 80% of the health care and social costs are attributed to the 10% of cases with chronic pain and disability [39] .
Accurately, identifying individuals with a good or unfavourable prognosis amongst patients presenting with LBP is an important goal in current back pain research. Being able to predict prognosis of LBP patients based on pre-treatment assessment of patient characteristics may lead to more realistic expectations of recovery as well as to more effective and efficient use of treatment modalities in the prevention of chronicity [32] . The identification of factors that can or cannot be modified in patients who are at risk for developing longstanding LBP may facilitate the selection of patients who will most likely benefit from targeted treatment. For example, if fear of movement appears to hinder a favourable prognosis in a certain subgroup of LBP patients, future exercises designed to mobilize or strengthen vulnerable lumbar body parts may become more effective in this target population when assisted by educational information and behavioural strategies regarding fear-related pitfalls [11] .
Despite the fact that a considerable amount of research has been accumulated on a wide range of prognostic factors for LBP, inconsistencies amongst study results have limited the strength of conclusions. These inconsistencies have partly been attributed to methodological weaknesses of the studies involved, i.e., recruitment of heterogeneous cohorts in different settings and on different time-points; lack of an overarching conceptual framework; different use of measurements; model building with more variables than justified for the given number of observations; and/or incorrect use of statistical regression methods [1, 2, 8, 32, 43, 45] . Performing studies of sufficient statistical power on relatively homogeneous back-injured populations, preferably with a core set of measurements that are supported by the literature, may be of use for future reviews and metaanalyses that aim to identify those factors most strongly related to the onset and recurrence of LPB.
In recent years, we have conducted three randomized clinical trials to evaluate the effectiveness of different exercise modalities in an army working population with non-acute, non-specific LBP [24] [25] [26] [27] . We provided isolated lumbar extensor strengthening versus mobilization versus general exercise therapy as our treatment interventions. Participants were 273 predominantly male soldiers from the Royal Netherlands Army with 4 weeks or more of low back complaints, who were referred to physiotherapy by the general practitioner of the military health centre. Consistent with prior evidence [5, 13, 37] , neither of the exercise modalities seemed to offer incremental improvements over the other, up to 1 year post-treatment.
For several reasons, the data from these trials could be of value in secondary analyses aimed at identifying prognostic factors for clinically important LBP improvements. First, our study population can be considered relatively homogeneous. Inclusion and exclusion criteria were welldefined and comparable amongst trials. Subjects were selected from a patient group normally considered suitable for progressive resistance training, i.e., all patients with clinical contraindications (e.g., affected nerve root) were excluded. Participants were all professional military employees and predominantly male (in total only four women were included), reflecting the vast male majority in our organization. Most participants were military recruits (younger population), military instructors (older population) or military staff personnel. All participants were working at the time of their inclusion, with, in many cases, similar physical and mental job demands. Overall, the large majority of our study population perceived their work as non-physical, despite the fact that working in uneasy or fixed positions and frequent lifting/carrying of heavy loads was reported in many cases. More than half of the participants were physically active in daily life despite their mostly moderate back complaints. This may be a reflection of the more-than-average physical attitude of military personnel in general; physical fitness is a critical aspect of military readiness and an inherent part of military service. Initial scores on a self-perceived health questionnaire (SF-36) that was used in two of our three trials indicated that our study population tend to attribute unspecific physical symptoms towards somatic disease more than towards mental issues [24, 25] . Furthermore, the study groups of our three trials were similar at baseline on most potential prognostic factors. The proportions of patients showing a favourable long-term outcome were also comparable amongst the three trials (71, 73, and 69%, respectively). Finally, the three trials had several common measures that could be used for pooled analyses. These measures have recently been recognized and included in a core set of factors for prospective cohorts in LBP [45] .
The purpose of this paper is to report on secondary analyses of a merged trial dataset aimed at exploring the prognostic value of individual patient factors, pain-related factors, work-related psychosocial factors, and psychological factors, in non-acute, non-specific LBP. By identifying these prognostic factors, LBP management could be improved by adjusting current therapy concepts or by targeting therapies at those likely to gain the greatest benefit.
Materials and methods

Study design
We used a prospective cohort design by merging data from three randomized trials on the effectiveness of exercise therapy in individuals with non-specific LBP. Patients enrolled in the trials were randomized into an intervention group that received either an 8-12-week, high-intensive or low-intensive isolated lumbar extensor training program using specific training devices, or usual care that mainly consisted of general exercise therapy. Average numbers of treatment sessions varied from 8 to 14, depending on the program. Mean intervention times per treatment session varied from 10 to 15 min (lumbar extensor training), and from 25 to 30 min (regular physiotherapy). An extensive description of the design and results of these trials have been published in recent years [24] [25] [26] [27] .
Subjects
The source population consisted of professional military employees of the Royal Netherlands Army (n = approx. 23,000). In total, 273 predominantly male participants (mean age 39 ± 10.5 years, range 20-56 years, 4 women) were recruited during regular GP consulting hours as well as through advertisement in military media. None of the participants were performing combat-related activities during their follow-up in the trials. Inclusion criteria were: at least 4 weeks of continuous LBP or recurrent (at least three times a week) episodes of LBP; pain localized between posterior iliac crests and angulus inferior scapulae; availability during duty time; and willingness to abandon other treatment interventions for the lower back during the intervention period. Exclusion criteria were: received spinal surgery in the last 2 years; specific treatment for LBP in the last 4 weeks (e.g., physiotherapy, manual therapy); severe LBP which hindered performing maximal isometric strength efforts; specific LBP, defined as herniated disk, ankylosing spondylitis, spondylolisthesis, or relevant neurological diseases. All three trials used comparable methods to collect demographic and clinical information prior to randomization.
Prognostic factors
At baseline, directly after treatment and 6 months after treatment, respectively, patients completed a compound questionnaire containing, amongst others, the following items:
• functional disability, measured with the 24-item Roland-Morris Disability Questionnaire (RMDQ) [49] ; • duration of LBP complaints at baseline, categorized as: 4-6 weeks; 6-12 weeks; 3-6 months; 6-12 months; 1 year or more. For analyses' purposes, we dichotomized this variable, using a cut-off point of 1 year to form balanced groups of patients with a shorter and longer duration of complaints, respectively; • pain radiation or tingling in the legs at baseline (yes/no);
• fear of movement, measured with the validated Tampa Scale for Kinesiophobia (TSK) [34, 48, 62] ; • psychological distress, using the 12-item General Health Questionnaire (GHQ) [20] , and only measured in the third trial (N = 127); • subscales 'Supervisor Social Support' and 'Co-worker Social Support' of the Job Content Questionnaire (JCQ) [31] , only measured in the third trial (N = 127);
• degree of physical activity, measured in the first two trials with the criterion 'physically active for at least 30 min/day [41] , and, in the third trial, with the validated Short Questionnaire to Assess Health Enhancing Physical Activity (SQUASH) [65] .
Baseline values of these eight variables (RMDQ, LBP duration, pain radiation, TSK, GHQ, JCQ subscales, physical activity) were included in the analyses as potential prognostic factors. The choice to include these factors in our analyses was based on the fact that (a) they were considered core prognostic factors in at least two out of three recent reviews on prospective cohorts in persistent LBP disability [8, 45, 52] or (b) they were considered relevant for the population under study, based on earlier experience (e.g., degree of physical activity).
Outcome
Patient improvement was selected as the dependent variable in our prognostic model. This variable was composed of changes in RMDQ scores and self-assessed changes in back complaints, post-treatment and after 6 months of follow-up, respectively. Self-assessed change in back complaints since the start of the treatment was scored on a percentual scale (0-100% improvement) in the first two trials [24, 25] , or the seven-item Global Perceived Effect (GPE: 1 = completely recovered, 2 = much improved, 3 = slightly improved, 4 = no change, 5 = slightly worsened, 6 = much worsened, 7 = vastly worsened) in the third trial [3] , respectively. The outcome variable was dichotomized into 'improved' and 'non-improved'. We defined 'improved' defined as subjects who met both the following criteria:
• 30% or more of improvement on the RMDQ; • a score 'completely recovered' or 'much improved' on the GPE, or 20% or more of self-assessed improvement on the percentual scale.
These criteria were partly derived from recommendations by Jordan et al. [30] on clinically important differences in LBP, based on the RMDQ.
Statistical analyses
Model building
Prognostic variables and outcome variables with incomplete baseline and follow-up data were completed using the Multiple Imputation by Chained Equations (MICE) procedure [59] . In a multiple imputation procedure, each missing value is replaced by a set of multiple different values. These values are estimated using regression models and all available data. We generated five multiply imputed datasets, according to Schafer [51] .
The relationship between the outcome directly after treatment and 6 months after treatment, respectively, and each of the potential prognostic factors was individually calculated, using univariate logistic regression analyses. The allocated trial intervention was included in all analyses. Univariate odds ratios (ORs) were calculated to reflect the strength of each relationship, together with the corresponding 95% confidence interval (95% CI).
To determine which combination of factors was related to the outcome, we included all eight potential prognostic factors in a multivariable logistic regression model. This takes into account the 'rule of thumb' in logistic regression that the number of the less common of the two possible outcomes (in our case: 'non-improved' with, on average, 96 cases post-treatment and 89 cases at follow-up) divided by the maximum number of prognostic factors in the model should be at least 10 [42] . Backward regression analysis was applied to build each model, using a variable selection method that has recently been recommended by Wood and Royston [66] . With this method, backward regression is performed taking into account all imputed datasets. The initial regression model including all potential prognostic factors is fitted on each imputed dataset. Regression coefficients and related standard errors and p values are then estimated over all multiply imputed datasets using Rubin's Rules [50] .
Then, like with 'normal' backward regression, the variable with the highest p value is first omitted from the model. This smaller model is again fitted on each imputed dataset and, again, the variable with the largest p value is omitted. This procedure is repeated until all variables with a p value of \0.50 are retained in the model, following recommendations by Steyerberg et al. [55] . A liberal p value increases the changes of obtaining true predictors, limiting the bias in selected coefficients.
Model performance
The goodness-of-fit of each model was verified with the Hosmer-Lemeshow test [29] . A non-significant v 2 value (a = 0.05) in this test is indicative of a good model fit. In addition, we used residual regression diagnostics (Cook's Distance, Leverage, Studentized Residual, and DFBeta) in revealing the effect on the estimated models of individual observations that are not adequately described by the model or that are highly influential on the model fit [15] . Moreover, we used collinearity diagnostics to check if factors were highly correlated [15] . A potential nonlinear behaviour of the continuous factors with the outcome was examined using restricted cubic spline functions and spline plots. Restricted cubic spline functions allow continuous indicators to be fitted within the regression model without assuming a linear relation [23] . We did find a nonlinear relation for baseline RMDQ score and, therefore, included this variable in restricted cubic spline form in our model selection process. The spline variable was converted into a dummy variable (quartile categories with scores \4, 4-7, 7-11, C11) in our final model to enhance clinical interpretation. We checked if the interpretation of the ORs would change if we fitted the models without the RMDQ spline function, which was not the case. All goodness-of-fit analyses were applied on the first imputed dataset, the results of which were comparable to those of the other datasets.
Two measures were used to further assess model performance: Nagelkerke's R 2 and the C index. Nagelkerke's R 2 (R 2 N ) is an approximation of the explained variance (R 2 ) concept for the ordinary regression model. The C index, calculated as the area under the curve of the receiver operating characteristic (ROC) plot, represents the concordance between predicted probabilities and observed outcomes for all possible pairs of patients. It, therefore, indicates the discriminative ability of the logistic model. A C index of 1.0 indicates perfect discrimination while a value of 0.5 indicates that the model performs no better than chance alone. Prognostic models usually perform better in the patient sample that was used to build the model than in other new patient samples, due to optimism in regression coefficients and performance measures. To estimate the amount of optimism in the C index and explained variance, we used bootstrapping techniques [47] . The model performance indices were calculated on each of the five imputed dataset and then averaged.
Software
Imputation, backward selection, and bootstrapping were performed with R [47] . Diagnostic analyses were performed using SAS Version 9.1 (goodness-of-fit) and SPSS for Windows Version 15.0 (regression diagnostics, multicollinearity).
Results
The merged dataset of the three previous trials consisted of 273 subjects with non-acute, non-specific LBP. Table 1 shows the characteristics of these subjects at baseline. The percentage of missing data of the potential prognostic factors before imputing varied from 0 to 9% save those that were only measured in the third trial, i.e., psychological distress and supervisor/co-worker social support (53% missing overall). From the original dataset, 119 out of 225 subjects (53%) were labelled as 'improved' directly after treatment, and 131 out of 210 subjects (62%) at 6 months of follow-up. From the overall study population of 273 participants, only 3% (N = 9) had a zero score on the RMDQ at baseline. All nine subjects scored moderate to substantial self-assessed improvements in back complaints on either of the other scales that contribute to our outcome variable. Table 2 shows the analyses of the individual prognostic factors, indicating that baseline RMDQ score between 8 and 11 was significantly associated with improvement in LBP, both directly (OR, 3.57) and 6 months after treatment (OR 4.22) . Baseline RMDQ scores between 4 and 7 (OR 2.29) and scores of 11 and more (OR 2.53), respectively, as well as baseline TSK score (OR 0.97) were significantly associated with long-term improvement.
The multivariate analyses (see Table 3 ) showed a final post-treatment model that included four prognostic factors together explaining 12% of the variation in outcome: functional disability, fear of movement, supervisor social support, and duration of complaints. All other factors were eliminated due to the p \ 0.50 criterion for backward regression. The final long-term model consisted of the following five factors (16% explained variance): functional disability, fear of movement, psychological distress, coworker social support, and pain radiation. In the posttreatment model, the prognostic factor most strongly associated with improvement was a baseline RMDQ score between 8 and 11 (OR 3.98). In the long-term model, baseline RMDQ scores (ORs 2.97-7.31) as well as baseline TSK score (OR 0.91) were the strongest prognostic factors.
Both models showed fairly good discriminative power with a C index of 0.68-0.70. Moreover, the global goodness-of-fit test was not rejected (see Table 3 ) and the regression diagnostics were within normal ranges indicating adequate model fit (not presented). Collinearity diagnostics showed that the assumption of 'no multicollinearity' was met in both models (not presented). 
Discussion
The aim of this study was to assess the relative importance of individual patient factors, pain-related factors, workrelated psychosocial factors, and psychological factors, in explaining self-reported clinically important improvements in LBP complaints. Overall, we found one dominant prognostic factor for improvement directly after treatment as well as 6 months later: functional disability, more specifically intermediate RMDQ score at baseline. Fear of movement had also significant prognostic value for longterm improvement. These factors were also found to be individually related to the outcome in the univariate analyses. Less strongly associated with the outcome, but also included in our final multivariate models, were supervisor social support and duration of complaints (short-term model), and co-worker social support and pain radiation (long-term model).
The consistent appearance of the two strongest prognostic factors, functional disability and fear of movement, in our final models is in line with earlier prognostic LBP studies, in the sense that they are considered as important and independent determinants of many different LBP outcomes (e.g., remitting pain, sub-acute or chronic disability, failed or delayed recovery from short-term LBP, long-term compensation status, time to return-to-work) in various study settings (e.g., primary care, specialist back clinic, occupational health care, mailing survey). Concordant with other studies on LBP [6, 7, 12, 16, 40] , functional disability (baseline RMDQ) was highly predictable in our models. Table 3 illustrates that midrange scores on the RMDQ (score 8-11) and, to a lesser extent, high range values (C11) had stronger prognostic value than low range values (4-7). Possibly, this finding can be explained by a 'law of diminishing returns' phenomenon, i.e., individuals with high levels of functional disability at baseline have a higher potential to improve than those with low disability levels. Nordin et al. [40] have reported that LBP patients with severe functional disability according to the Oswestry Disability Index were found to return-to-work later, possibly due to greater episode severity and/or a higher perception of being 'sick'. The fact that functional disability was our strongest prognostic factor was not a surprising finding, since changes in RMDQ values were part of the compound variable (improved vs. not improved) we constructed as our outcome measure. But also in other studies, using different outcomes (e.g., work compensation status, time to return-towork), baseline functional disability appeared to have prognostic value [16, 61] . We have chosen an outcome measure that was partly based on the RMDQ, since we consider its dimension 'functional disability due to perceived back pain' as more relevant for our mainly chronically injured, working population than indicators of the symptom itself, i.e., the degree of back pain. The treatments in our trials were predominantly aimed at restoring (physical) functioning, not at reducing the pain.
Our results support the conclusion of others that fear of movement has prognostic value in long-term disability [17, 19, 44, 56] . A positive influence of exercise on fear of movement behaviour has been reported in the literature [4, 11] . Exercises with fear-avoidance-based principles are thought to give additional benefits for subgroups of LBP patients with high levels of fear-avoidance beliefs [33, 58] . All three intervention modalities that were used in our trials consisted of exercise training, but none of them included specific fear-avoidance strategies. Our analyses suggest that fear-avoidance issues could have additional value when designing exercise treatment modalities in a LBP population that is already relatively physically active despite the presence of back pain.
Other factors in our models, which were less strongly associated with the outcome, were supervisor social support (short term), duration of complaints (short term), psychological distress (long term), co-worker social support (long term), and pain radiation (long term). The fact that supervisor social support was associated to short-term LBP improvement may very well be a reflection of the strong decisive influence of superiors in our hierarchical military organization on the participation of soldiers in duty time in activities such as a our research program. We used different definitions of duration of complaints in our trials (current complaints vs. time since first LBP episode), all reflecting a different dimension of the history of the LBP symptoms. From the literature, we know that a previous history of LPB is highly predictive of persistent symptoms, suggesting that people with one or more previous episodes are likely to have future multiple episodes [64] . Psychological distress was another long-term factor in our model. Psychological distress has been recognized as a prognostic factor for both the onset and recurrence of LBP in many different populations, ranging from healthy young or middle-aged adults [14, 36] to patients in primary care settings [22, 35, 57] and to individuals with work-related back injuries [9, 16] . In line with our study findings, Gheldof et al. [19] found that pain radiation was a significant risk factor for the development of long-term LBP in a population of predominantly male industrial workers. This risk was reduced by social support of co-workers.
Physical activity was the only factor that was removed from our regression models. There is inconsistent evidence in the literature about whether physically active leisure time versus sedentary activity has influence on the development of musculoskeletal morbidity in general and LBP in particular [28] . Some recent studies show associations between chronic LBP and physical activity or aerobic fitness level, respectively [38, 53] , but others do not [46] . In general, we were able to generate well-fitted but rather weak-performing prognostic models, with percentages of explained variance (12-16%) that are comparable or somewhat less favourable to those of other prognostic models in the same field of research [2, 10, 18, 19, 54, 58, 60] . This may partly be explained by the fact that other than the chosen prognostic indicators, such as pain severity or job satisfaction, may play an important role in our population. However, in most cohort studies on non-specific LBP, baseline factors only account for moderate amounts of variance in LBP outcomes, typically around 30% [45] . The large unexplained variances are, thus, most likely a reflection of the fact that an individual's course of non-specific LBP is highly complex, affected by interacting factors that probably cover the whole spectrum of the biopsychosocial model of pain and disability and that present themselves in different time phases of the process [63] .
There are some limitations in our study that must be recognized. First, our findings need to be interpreted with some caution, because the analyses were based on data from randomized clinical trials. These trials were initially not designed to identify prognostic factors for LBP improvement. The merged dataset may, therefore, still have insufficient power to detect these prognostic factors, despite our efforts to prevent overfitting problems by matching the number of potential prognostic factors to the number of outcome events. However, the confidence intervals of all but the dummy variables (RMDQ, intervention) were small, indicating that our study findings are robust. Second, due to the fact that one of the trials had a relatively short follow-up period, we were not able to measure effects at longer than 6 months after treatment. Moreover, in neither of the studies we used a true control group that could have reflected the natural course of LBP. In other words, all participants had experienced exercise therapy through our research program in the previous year and should be regarded as such when extrapolating the results of this study to other populations. This brings us to the external validity of our results. The population under study (male soldiers) is clearly not a representation of those presenting most commonly in primary care. Obviously, one should be careful in generalizing the results of this study to other samples, such as white-collar or female workers.
The population under study can be seen as a rather homogeneous group of individuals, consisting of young and middle-aged male subjects in their active working period (87% between 25 and 55 years of age) who are not overly work-disabled by their condition despite incidentally reported high disability scores. In this respect, potential confounding influences of individual patient factors and work-related factors that have not been addressed in our analyses are expected to be low, which can be seen as strength of our study. Moreover, we included a number of variables that have been identified as potentially important prognostic factors for LBP in several relevant areas (individual, work-related psychosocial, psychological) and that were measured with standardized, validated instruments. Finally, using state-of-the-art statistical techniques for model building and evaluation of model performance, we have tried to prevent substantial shortcomings that have frequently been addressed in the use and report of logistic regression analyses in medical research, such as overfitting, assumption checks, and unrestricted use of automated variable selection [7] .
Not all trials collected the same prognostic factors. Consequently, after pooling the data, the percentage of missing data in three variables was around 50%. For these situations, multiple imputation produces valid results under the missing at random assumption, i.e., missings can be explained by the available data in the dataset since they are not dependent on the values of the variables themselves. This latter statement holds in our study because there was no specific reason in each of the trials to exclude variables. Furthermore, most variables in our study have shown to be important in LBP prognosis, which means that all variables could be used in the imputation model to estimate the missing values. Several studies have shown that with multiple imputation valid results can be obtained when around 50% of the data are missing [21] .
Conclusions
This study implies that it can be of use for clinical practitioners to gather pre-treatment patient information, in particular on individual levels of functional disability and fear-avoidance behaviour, in patient populations with characteristics comparable to ours (e.g., predominantly male, physically active, working, moderate but chronic back problems). By doing so, individuals at risk for poor longterm LBP recovery, i.e., individuals with high initial level of disability and prominent fear-avoidance behaviour, can be distinguished that may need additional cognitive-behavioural treatment. Further research is warranted to find out if this strategy actually leads to a higher improvement rate.
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